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Joachim Wagner
New data on exports and imports of German manufacturing firms
Germany is one of the leading actors on the international markets for goods. According to the World Trade Report 2011 published by the World Trade Organization it was number three (after China and the United States) in the ranking of countries by the value of both exports and imports in merchandise trade in 2010 (see World Trade Organization (2011), Appendix Table 3 ). International trade is of high relevance for the German economy as a whole, for its regions, industries, and firms. Reliable information on international trade activities, therefore, is important for empirical analyses in many areas of economics including business cycles, structural change and economic growth.
Data on total exports and imports, and on exports and imports by goods traded and countries trades with, are published on a regular basis by the German Statistical Office. While these published aggregate data from official statistics are important for a birdseye view of international activities, disaggregated data for the actors on international markets -the firms trading goods with partners in foreign countries -are needed for any in-depth analyses of the causes and consequences of exports and imports. Empirical studies for Germany that use comprehensive firm-level data from the surveys of the statistical offices hitherto focus on exports from manufacturing firms; only most recently imports have been investigated, too.
2 The firm-level data used in these empirical investigations identify firms that export or import, but they do not cover any information about the goods traded and the countries of destination or origin of the goods. In other words, we know from these data who trades how much, but not what and with whom.
Information on the goods traded internationally and on the countries with which these goods are traded 3 is available from the statistic on foreign trade (Außenhan-delsstatistik). This statistic is based on two sources. One source is the reports by German firms on transactions with firms from countries that are members of the European 1 All computations were done at the Research Data Centre of the German Statistical Office. I thank Christopher Gürke for preparing the data, running my Stata do-files and checking the results for any violation of privacy. The enterprise level data used are confidential but not exclusive; see http://www.forschungsdatenzentrum.de/nutzungsbedingungen.asp for any details regarding the access to the data. Union (EU); these reports are used to compile the so-called Intrahandelsstatistik on intra-EU trade. The other source is transaction-level data collected by the customs on trade with countries outside the EU (the so-called Extrahandelsstatistik). 4 Data in the statistic of foreign trade are transaction-level data, i. e. they relate to one transaction of a German firm with a firm located outside Germany at a time. Published data from this statistic report exports or imports aggregated at the level of goods traded and by country of destination or origin.
For the reporting year 2009 these transaction-level data have been aggregated at the level of the exporting or importing firm for the first time. For each exporting or importing firm that reported either to the statistic on intra-EU trade, or to the statistic on trade with countries outside the EU, we know from these data, among others, the number of goods exported and imported and the number of countries exported to and imported from.
5 Furthermore, the values of these transactions are known. Using the firms' registration number for turnover tax statistics these data were matched with the enterprise register system (Unternehmensregister-System). For enterprises from manufacturing industries this matching made it possible to add information (that is taken from a regular survey of manufacturing firms) on industry affiliation, total turnover and the number of employees. 6 The new data on export and import activities of firms from German manufacturing industries are used in this paper to uncover new facts and to test theoretical hypotheses of the relationship between a core dimension of firm performance, namely productivity, and the number of goods traded and countries traded with.
Five facts for exporters and importers from German manufacturing industries
Based on the newly available data for 2009 that is built from transaction-level information five empirical facts are uncovered.
Fact 1: Many firms export and import simultaneously.
Results reported in Table 1 show that many manufacturing enterprises in West Germany and in East Germany 7 are simultaneously active on the international market as 4
Note that firms with a value of exports to and imports from EU-countries that does not exceed 400,000 Euro in 2009 do not have to report to the statistic on intra-EU trade. For trade with firms from non-member countries all transactions that exceed 1,000 Euro are registered. For details see Statistisches Bundesamt, Qualitätsbericht Außenhandel, Januar 2011.
5
Note that information for firms with a value of exports to and imports from EU-countries that does not exceed 400,000 Euro in 2009 is not covered in the data (see footnote 4). Small exporters and importers that trade with EU-countries only are therefore underrepresented in the sample. Presumably, many of these are firms that trade only one good (or a very small number of goods) with one country (or a very small number of countries).
6
Preparation of the data set was done inside the research data center of the German Federal Statistical Office by Christopher Gürke.
7
The economy differs between West Germany and the former communist East Germany even some 20 years after unification in 1990, and this holds especially for exports (see Wagner exporters and importers. This holds for four in five firms in West Germany and for three in four firms in East Germany. Firm characteristics that distinguish exporters from non-exporters, therefore, often distinguish importers from non-importers, too, and vice versa. It can be seen from Table 2 that many firms concentrate their export or import activities on a small number of goods. 8 p1, p10 etc. are the percentiles from the distribution of the number of goods traded and the number of countries traded with. The median firm (that is in p50) exports 7 goods in West Germany and 5 goods in East Germany, while it imports 13 goods in West Germany and 10 goods in East Germany. However, there are many firms in both parts of Germany that trade a large number of different goods, too. In West Germany, some 1,200 firms that are in the highest percentile (and that cover one percent of the 11, 929 exporting firms) export more than 300 goods or import more than 200 goods. In East Germany, some 200 firms export or import more than 130 goods. Note that both the number of exported goods and the number of imported goods is on average considerably larger in West Germany than in East Germany.
(2008a) for a detailed analysis). Therefore, all computations were performed for West Germany and East Germany separately. Like in the case of the number of products traded many firms concentrate their export or import activities on firms from a small number of countries. Table 2 shows that the median firm (that is in p50) exports to 16 countries in West Germany and to 9 countries in East Germany, while it imports from 7 countries in West Germany and from 6 countries in East Germany. However, there are many firms in both parts of Germany that trade with firms from a large number of different countries, too. Note that the number of countries exported to is considerably larger in West Germany than in East Germany on average, while the number of countries imported from is of a similar order of magnitude.
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Fact 4: Exports and imports are highly concentrated.
While there are thousands of exporting and importing manufacturing firms in Germany, a small share of these firms are responsible for the lion's share of international trade. More than half of total exports and imports in West Germany and East Germany The number of exporters and importers reported in Table 2 differs from the figures reported in Table 1 and between the figures reported for "number of goods" and "number of countries" because trade with certain goods and trade with certain countries are kept secret by request of the trading firms. The value of these confidential transactions is, however, included in the sum of all exports and imports, and it is known that the firm exported and imported (but not what and/or with whom). Therefore, for a small number of traders with a known number of goods traded the number of countries traded with is not known, and vice versa. 
Tab. 2: Exporter and Importer in German Manufacturing
Fact 5: Exports and imports are dominated by firms that trade many goods with many countries.
While thousands of firms trade only a small number of goods with firms from a small number of countries, firms that trade many goods with many countries are responsible for the lion's share of both exports and imports. Table 3 shows that the largest traders trade on average a very large number of goods with firms from a very large number of countries. Furthermore, Table 3 reports (in the lower panel) that enterprises that trade 10 or more goods with 10 or more countries have a share of higher than 90 percent in total exports and imports in West Germany while their share in all trading enterprises is less than 40 percent. The figures for East Germany are somewhat smaller but still large.
Fact 5 can help to understand Fact 4. Bernard et al. (2011, p. 10) argue that "(o)ne reason why international trade is so concentrated is that larger exporters not only export more of a given product to a given destination than smaller exporters, but also export more products to more destinations." According to the findings reported here, the same holds for imports.
Productivity premia for multi-product and multi-country traders
Four hypotheses on productivity and firms' international trade activities by number of products and number of countries
What makes the difference between a firm that sales many products and that trades with many countries on the one hand and a firm that trades only some products and that trades only with some countries on the other hand? Economic theory, and results from econometric studies that use micro-level data to investigate the international trade decisions of firms empirically, point to an important role of productivity.
Productivity -the efficiency with which firms turn inputs (labor, physical capital, energy, materials, managerial know-how) into outputs (goods, services) -is important for the competitiveness of firms, regions and countries on local, national and international markets. Productivity is an important driver of growth and welfare. Therefore, the study of productivity has been a core topic in economics for a long time. Empirical studies that use firm-level micro data to investigate the determinants and consequences of productivity differentials between firms, however, are of a more recent vintage. A case in point is the literature dealing with the links between productivity and international firm activities. This literature started with a Brookings paper by Bernard and Jensen (1995) that documents a positive exporter productivity premium in US manufacturing industries -exporters are more productive than non-exporting firms of the same size from the same narrowly defined industry. This paper started a literature. Afterwards economists all over the world used firm-level micro data to investigate productivity differences between exporting and non-exporting firms and the direction of causality between export activity and firm-level productivity (see Wagner (2007) for a survey). This literature on the micro-econometrics of international trade inspired theorists to develop what is now labeled the new new trade theory where heterogeneous firms that differ in productivity are at the heart of the theoretical models (see the canonical model by Melitz (2003) and the recent survey by Redding (2011) ).
There are two alternative but not mutually exclusive hypotheses why exporters can be expected to be more productive than non-exporting firms (see Bernard and Jensen 1999; Bernard and Wagner 1997) . The first hypothesis points to self-selection of the more productive firms into export markets. The reason for this is that there exist additional costs of selling goods in foreign countries. The range of extra costs include transportation costs, distribution or marketing costs, personnel with skill to manage foreign networks, or production costs in modifying current domestic products for foreign consumption. These costs provide an entry barrier that less successful firms cannot overcome. Furthermore, the behaviour of firms might be forward-looking in the sense that the desire to export tomorrow leads a firm to improve performance today to be competitive on the foreign market, too. Cross-section differences between exporters and non-exporters, therefore, may in part be explained by ex ante differences between firms: The more productive firms become exporters. The second hypothesis points to the role of learning-by-exporting. Knowledge flows from international buyers and competitors help to improve the post-entry performance of export starters. Furthermore, firms participating in international markets are exposed to more intense competition and must improve faster than firms who sell their products domestically only. Exporting makes firms more productive.
Wagner (2007) gives a synopsis of findings from 54 empirical studies published between 1995 and 2006 that use firm-level data from 34 countries and that investigate the relationship of exports and productivity. Among the countries covered are highly industrialised countries, countries from Latin America and Asian countries, transition economies and least developed countries. Given this wide range of countries the big picture is amazingly clear-cut: With only a few exceptions exporters are found to have higher productivity, and often higher productivity growth, and this tends to hold after controlling for observed plant characteristics (like industry and size), too. Exporters are better.
The findings for pre-entry differences often present evidence in favour of the selfselection hypothesis: Future export starters tend to be more productive than future non-exporters years before they enter the export market, and often have higher exante growth rates of productivity. The good firms go abroad. Evidence regarding the learning-by-exporting hypothesis is somewhat more mixed: Results for post-entry differences in performance between export starters and non-exporters point to faster productivity growth for the former group in some studies only. Exporting does not necessarily improve firms.
According to findings from this literature on exports and productivity an important reason for the positive productivity differential between exporters and non-exporters is self-selection of more productive plants on export markets. Furthermore, there is evidence for a market driven selection process in which exporters that have low productivity fail as a successful exporter, while only those that are more productive continue to export (Wagner 2008b) . The reason for this is that there exist additional costs of selling goods in foreign countries. To repeat, the range of extra costs include transportation costs, distribution or marketing costs, personnel with skill to manage foreign networks, or production costs in modifying current domestic products for foreign consumption. This implies that firms that export to a larger number of foreign markets have to be more productive than firms that serve a smaller number of foreign markets only, because at least some of the extra costs mentioned recur for each market (e. g., preparing a user's manual in another language, or checking the relevant national laws). Lawless (2009) presents a simple theoretical model that builds on the seminal contributions by Melitz (2003) and Chaney (2008) and that has this testable prediction. Furthermore, it seems plausible to assume that the larger the number of markets the higher will be (at least, on average) the distance related costs of exporting an exporter has to bear and that market entry costs differ across markets. This leads to a first hypothesis to be tested with the newly available data for international trade activities of German manufacturing firms:
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H1: The number of export markets served by a firm increases with firm productivity.
While the causes and consequences of export and its mutual relationships with productivity are prominent topics in the recent literature on internationally active firms, imports are seldom dealt with. As Bernard et al. (2007, p.123 ) recently put it, "(t)he empirical literature on firms in international trade has been concerned almost exclusively with exporting, largely due to limitations in datasets … As a result, the new theories of heterogeneous firms and trade were developed to explain facts about firm export behavior and yield few predictions (if any) for firm import behavior."
In the literature arguments for both a positive impact of productivity on importing (which is in accordance with self-selection of more productive firms into import markets) and for a positive impact of importing on productivity ('learning-by-importing') are discussed. To start with the arguments in favour of self-selection of more productive firms into importing it is pointed out that the use of foreign intermediates increases a firm's productivity but, due to fixed costs of importing, only inherently highly productive firms import intermediates. Importing is associated with fixed costs that are sunk costs, because the import agreement is preceded by a search process for potential foreign suppliers, inspection of goods, negotiation, contract formulation, learning about legal rules and regulations for doing business in a foreign country etc. Furthermore, there are sunk costs of importing due to the learning and acquisition of customs procedures (see Kasahara and Lapham (2008) , Andersson et al. (2008) , Castellani et al. (2010) ).
As regards learning-by-importing it is stated that there are strong arguments in favour of a causal effect of imports on productivity, because by importing a firm can exploit global specialization and use inputs from the forefront of knowledge and technology. Proponents of this view point to the literature on international technology diffusion that advances imports as an important vehicle for knowledge and technology transfer. Furthermore, importing intermediate products allows a firm to focus resources and to specialize on activities where it has particular strengths. Importers may improve productivity by using higher quality foreign inputs or by extracting technology embodied in imported intermediates and capital goods. Furthermore a variety effect is mentioned (in which the broader range of available intermediates contributes to production efficiency) and a quality effect caused by imported intermediates that might be of better quality than local ones.
From a theoretical point of view, therefore, the direction of causality between productivity and importing can run from one of the two sides or from both sides simultaneously. With new datasets that include information on imports at the firm level becoming available for more and more countries a new literature is emerging that has a focus on the links between productivity and imports. Details aside, the big picture that emerges from this literature can be sketched as follows (see Wagner (2012) for a survey): There is a positive link between importing and productivity at the firm level, documented by a significant productivity differential between firms that import and firms that do not trade internationally. We have evidence for self-selection of more productive firms into importing from most of the studies that look at this issue; the evidence on learning-by-importing, however, is still rare and inconclusive.
If, as is argued above, importing is associated with fixed costs that are sunk costs, because the import agreement is preceded by a search process for potential foreign suppliers, learning about legal rules and regulations for doing business in a foreign country, and acquisition of customs procedures, among others, these sunk cost emerge for each country a firm imports from. This implies that firms that import from a larger number of foreign markets have to be more productive than firms that import from a smaller number of foreign markets only. This leads to a second hypothesis to be tested with the newly available data for international trade activities of German manufacturing firms:
H2: The number of countries a firm imports from increases with firm productivity.
Recently, a new literature started that looks at an alternative measure of the extensive margin of trade besides the number of destination countries for exports or countries of origin for imports, namely the number of products exported and imported, and its relationship to firm performance. Muuls and Pisu (2009) find for Belgium that productivity is also increasing as the number of products exported or imported rises. Similarly, Silva et al. (2010) show that Portuguese firms that export or import a larger number of products are more productive. These relationships are interpreted to be suggestive that fixed costs of trade are incurred for each new product a firm starts to trade internationally.
11 This leads to a third and a fourth hypothesis to be tested with the newly available data for international trade activities of German manufacturing firms:
H3: The number of goods a firm exports increases with firm productivity.
11 Note that the direction of causality between the number of traded products and productivity is not investigated in these studies.
H4: The number of goods a firm imports increases with firm productivity.
Empirical estimates for productivity premia for multi-product and multicountry traders from German manufacturing industries
The four hypotheses outlined above refer to the empirical relationship of firm productivity on the one hand and the number of countries traded with and the number of goods traded on the other hand. While information on the number of goods imported and exported, and on the number of countries exported to and imported from, is available from the statistics of foreign trade, information on firm productivity is not. As stated in section 1, using the firms' registration number for turnover tax statistics the data from the statistics of foreign trade were matched with the enterprise register system (Unternehmensregister-System). For enterprises from manufacturing industries this matching makes it possible to add information (that is taken from a regular survey of manufacturing firms) on total turnover and on the number of employees. Based thereon the amount of average sales per employee is computed, and this is the measure of labor productivity used in the empirical investigation of the four hypotheses.
Productivity is measured as labor productivity because information on the capital stock of a firm is not available, so more elaborate measures of total factor productivity cannot be used in this study. However, Bartelsman and Doms (2000, p. 575) point to the fact that heterogeneity in labor productivity has been found to be accompanied by similar heterogeneity in total factor productivity in the reviewed research where both concepts are measured. In a recent comprehensive survey Chad Syverson (2011) argues that high-productivity producers will tend to look efficient regardless of the specific way that their productivity is measured. Furthermore, Foster, Haltiwanger and Syverson (2008) show that productivity measures that use sales (i. e. quantities multiplied by prices) and measures that use quantities only are highly positively correlated. In my view, these three arguments justify the use of labor productivity as a suitable measure for productivity at the firm level.
As a first step in the empirical investigation of the four hypotheses derived above we look at the average labor productivity in firms by number of goods traded and number of countries traded with. To do so, firms are grouped into four categories according to the number of goods and number of countries: Firms that trade only one good or with one country only, firms that trade "a few" goods or with "a few" countries (where "a few" is defined as two to five), firms that trade "several" goods or with "several" countries (whe "several" is defined as six to nine), and firms that trade "many" goods or with "many" countries (where "many" are defined as ten or more). Results reported in Table 4 are in line with the four hypotheses. Firm productivity increases over the number of goods exported and imported, and over the number of countries exported to and imported from, in West Germany and in East Germany. Productivity differences are large from an economic point of view if the "marginal" traders with only one traded good and one country of destination or origin are compared to firms from the other groups, especially with "power traders" that trade ten or more goods and with ten or more countries. Following the now standard approach to investigate the links between productivity and international trade activities (outlined in Wagner (2007) ) the next step of the empirical analysis consists in the estimation of the so-called productivity premia of firms with different numbers of goods traded and different numbers of countries traded with. These productivity premia are computed from the estimated coefficients of dummy variables for firms with 2 -5, 6 -9 and 10 or more goods traded (or countries traded 12 See text for details on the enterprises covered. The reported productivity premia a based on the estimated coefficients of dummy variables for firms with 2 -5, 6 -9 and 10 or more goods traded (or countries traded with) from an OLS regression of the log of labor productivity on these dummy variables (taking firms that trade only one good or with one country as the reference group) plus the number of employees (also included in squares) and a full set of 2digit industry dummy variables and a constant. The premia are computed from the estimated coefficients ß as (exp (ß) -1)*100. The p-values are based on heteroscedasticity-robust standard error estimates. with) from an OLS regression of the log of labor productivity on these dummy variables (taking firms that trade only one good or with one country only as the reference group) plus the number of employees (also included in squares) and a full set of 2digit industry dummy variables and a constant. This regression model is not meant to be an empirical model to explain labor productivity at the firm level; 13 the data set used here is not suited at all for such an exercise. The regression model is just a vehicle to test for, and estimate the size of, productivity premia of multi-product and multi-country traders from German manufacturing industries over firms that trade only one good or with one country only while controlling for other firm characteristics that are available in the data, namely firm size and industry affiliation. The premia are reported as percentages, computed from the estimated regression coefficients ß as (exp (ß) -1)*100.
Results for estimated productivity premia for manufacturing enterprises from West Germany and East Germany by number of traded goods and number of countries traded with are reported in Table 5 . All premia are positive, statistically significant at an error level of 5 percent or (usually much) better, large from an economic point of view, and increasing over the number of goods traded and the number of countries traded with. These results are fully in line with the four hypotheses.
In a robustness check all regressions were estimated using the fully robust MMestimator (see Verardi and Croux (2009) for details) to take care of the possible role of extreme observations, or outliers. Results are rather similar and lead to identical conclusions (see Appendix, Table A1 ). 
Conclusions
This paper uses newly available data on the number of goods exported and imported, and on the number of countries traded with, by enterprises from manufacturing industries in Germany. It documents that foreign trade is dominated by firms that trade multiple goods with multiple countries, and that a small number of very large multiple-13 Note that productivity differences at the firm level are notoriously difficult to explain empirically. "At the micro level, productivity remains very much a measure of our ignorance." (Bartelsman and Doms (2000) , p. 586) 14 In a further robustness check the empirical models were estimated with the number of products (or the number of countries) plus the squared values of these variables instead of the dummy variables for firms with 2 -5, 6 -9 and 10 or more goods traded (or countries traded with). In the OLS regressions the estimated coefficient of the squared term is statistically different from zero at an error level of five percent in one of eight cases only. The coefficients of the number of goods and the number of countries are all positive, but not statically significant at a usual error level for the number of goods imported. Fully robust MM-regressions lead to no significant coefficients for the squared term and to positive and significant estimated premia for the number of goods and countries in all regressions with data from West German firms, while a significant increase in productivity in East Germany is only found for the number of countries imported from. Tables with the results are available on request. The more flexible specification using dummy variables is able to capture the highly non-linear relationship between productivity and the number of goods traded / number of countries traded with much better than the second-order polynomial specification that imposes a restriction on the functional form of this relation.
goods multiple-country exporters and importers play a decisive role in shaping exports and imports of one of the most important actors on the world market for goods. Firms that trade many goods or that trade with many countries are much more productive than firms of the same size from the same industry that trade some goods or trade with some countries only. An open question is the direction of causality between firm productivity and the number of goods traded or the number of countries traded with. Is the productivity premium of multiple-goods multiple-countries traders due to self-selection of more productive firms on more international markets (due to fixed costs that recur for every new good traded and for every new country traded with and that can only be covered profitably by more productive firms) or due to higher learning-by-trading effects when more goods are traded on more markets? We know from the literature on trade and firm performance how to tackle these issues empirically when it comes to investigate the productivity premium of exporters or importers over firms that do not trade internationally (see the surveys by Wagner (2007 Wagner ( , 2012 ). Application of these empirical approaches, however, needs data for (at least) four years. Therefore, due to the lack of these data for Germany this question has to remain open for several years.
Summary
In Germany, for the reporting year 2009 transaction-level data on exports and imports of goods have been aggregated at the level of the exporting or importing firm for the first time. In these data the number of goods exported and imported and the number of countries exported to and imported from is reported, together with the values of these cross-border transactions. This paper uses these newly available data for firms from manufacturing industries to uncover new facts and to test theoretical hypotheses of the relationship between a core dimension of firm performance, namely productivity, and the number of goods traded and countries traded with.
